BACKGROUND: ST-segment-elevation myocardial infarction (STEMI) and non-ST-segment-elevation myocardial infarction (NSTEMI) management has evolved considerably over the past 2 decades. Little information on mortality trends in the most recent years is available. We assessed trends in characteristics, treatments, and outcomes for acute myocardial infarction in France between 1995 and 2015.
T
he early outcome of patients with acute myocardial infarction (AMI) has improved considerably. [1] [2] [3] [4] [5] [6] Among patients with AMI, however, the pathophysiology, management, and outcomes differ between those with ST-segment-elevation myocardial infarction (STEMI) and non-ST-segment-elevation myocardial infarction (NSTEMI). Traditionally, patients with NSTEMI have a substantially lower early mortality than those with STEMI, but a higher risk of long-term mortality, likely explained by more frequent risk factors and comorbidities, and a greater burden of coronary artery disease. [7] [8] [9] The improvement in early outcomes up to the early 2010s has been attributed to changes in patient populations, more frequent use of revascularization procedures, and increased use of recommended medications. 5, 6, [10] [11] [12] Since 2010, however, little information is available on early outcomes in real-world settings, although the use of percutaneous coronary interventions (PCIs) has continued to increase and newer antithrombotic agents have become available and are now widely used. Whether these changes in the most recent years have translated into improved early survival, and whether trends in early outcomes differ between patients with STEMI and those with NSTEMI is not known.
The aim of the present study was to assess trends in 6-month mortality in patients with STEMI and NSTEMI, according to their profile and initial management in 5 sequential nationwide French surveys conducted between 1995 and 2015. [13] [14] [15] [16] [17] 
METHODS

Patient Population
Five nationwide French registries were conducted 5 years apart over a 20-year period : USIK 1995, 13 USIC (Unité de Soins Intensifs Coronaires) 2000, 14 FAST-MI (French Registry of Acute ST-Elevation or non-ST-elevation Myocardial Infarction) 2005 (NCT00673036), 15 FAST-MI 2010 (NCT01237418), 16 and FAST-MI 2015 (NCT02566200) 17 (Methods I in the online-only Data Supplement). The methods used for these registries have been detailed previously . [13] [14] [15] [16] [17] In brief, their primary objectives were to evaluate the characteristics, management, and outcomes of patients with AMI, as seen in routine clinical practice, on a countrywide scale.
All 5 registries consecutively included patients with STEMI or NSTEMI admitted to cardiac intensive care units within 48 hours of symptom onset, during a specified 1-month period (November 1995 and 2000, October to December 2005, 2010, and 2015). AMI was defined by increased levels of cardiac biomarkers (troponins, creatine kinase [CK] , or CK-MB) together with either compatible symptoms or ECG changes. Patients who died soon after admission and for whom cardiac markers were not measured were included if they had signs or symptoms associated with typical ST-segment changes. Exclusion criteria were (1) refusal to participate; (2) iatrogenic myocardial infarctions, defined as occurring within 48 hours of any therapeutic procedure; and (3) AMI diagnosis invalidated in favor of another diagnosis. STEMI was diagnosed when ST-segment elevation ≥1 mm was seen in at least 2 contiguous leads in any location on the index or qualifying ECG, or when presumed new left bundle-branch block or documented new Q waves were observed. In the absence of ST-segment elevation, patients meeting the inclusion criteria were considered to have NSTEMI.
Participation in the study was offered to all institutions, including university teaching hospitals, general and regional hospitals, and private clinics receiving AMI emergencies. Physicians were instructed that the study should not affect clinical care or management. The study was conducted in accordance with the guidelines on good clinical practice and French law. The study protocols for all surveys were reviewed by the relevant Committees for the Protection of Human Subjects. Data file collection and storage were approved by the Commission Nationale Informatique et Liberté. All patients were informed of the nature and the aims of the surveys and could request to be excluded; in addition, written consent was obtained for the 2005, 2010, and 2015 surveys.
Clinical Perspective
What Is New?
• Previous observational studies have shown a continuous decline in mortality in patients with STsegment-elevation and non-ST-segment-elevation myocardial infarction, but no studies beyond the early 2010s have analyzed trends in management and mortality.
• We observed major changes in the characteristics and management of both patients with STsegment-elevation and non-ST-segment-elevation myocardial infarction over the past 20 years.
• Together with these changes, 6-month mortality has consistently declined in patients with STsegment-elevation myocardial infarction, whereas, in patients with non-ST-segment-elevation myocardial infarction, 6-month mortality reached a plateau after 2010.
What Are the Clinical Implications?
• For patients presenting with ST-segment-elevation or non-ST-segment-elevation myocardial infarction, adoption of recommended strategies, such as promoted by current guidelines, is associated with improved outcomes and should be strongly encouraged.
• Acute-stage mortality has become extremely low in comparison with what was observed 20 years ago, and is not likely to further improve by much. • The future challenges will be to reduce prehospital mortality (out-of-hospital sudden death) and to improve long-term survival after the acute event, both by increasing the adoption of recommended secondary prevention and by developing new preventative strategies.
Data Collection
Data on baseline characteristics, including demographics (age, sex, and body mass index), risk factors (hypertension, diabetes mellitus, current smoking, hypercholesterolemia, and family history of coronary artery disease), and medical history (myocardial infarction, stroke, heart failure, and peripheral artery disease), were collected as previously described. 
Statistical Analysis
Continuous variables are reported as means (SDs) or medians and interquartile ranges, when appropriate. Discrete variables are described as counts and percentages. Groups were compared by analysis of variance for continuous variables and χ 2 or Fisher exact tests for discrete variables. Temporal trends were tested using linear-by-linear association tests for binary and Jonckheere-Terpstra tests for continuous variables. Odds ratios and hazard ratios (HRs) are presented with their 95% confidence intervals (CIs).
To determine independent predictors of the use of procedures (reperfusion therapy in STEMI, PCI ≤72 hours of admission in NSTEMI), binary logistic regression analyses were used, using the same covariables as those listed below.
To account for changes in the baseline characteristics of the populations admitted from 1995 to 2015, we calculated risk scores for the 2015 STEMI and NSTEMI populations, using multiple logistic regression analysis including demographic data, risk factors, medical history, body mass index (using imputed values based on sex and age for the 6% of patients with missing values), and region. This risk score, calculated from the baseline characteristics of the 2015 population (c-statistic, 0.805 for the STEMI and 0.80 for the NSTEMI), was used to standardize the death rates for each of the previous surveys. The standardized death rates therefore represent the rates that would have been expected had the distribution of the baseline characteristics of each of the first 4 surveys been similar to that of the most recent one.
Multivariable analyses of correlates of 6-month mortality were performed using Cox backward stepwise multiple logistic regression, using a threshold of 0.10 for variable elimination. Beside time period, variables included in the final models were selected ad hoc, based on their physiological relevance and potential to be associated with outcomes; they comprised age, sex, risk factors, comorbidity, anterior location of myocardial infarction for STEMI, type of institution, and region. A sensitivity analysis was performed, adding peak CK to the covariates in the main analysis.
To assess the relationship between early management and 6-month survival, further analyses also used in-hospital PCI, type of anticoagulants used, and use of antiplatelet agents, β-blockers, statins, and angiotensin-converting enzyme inhibitors or angiotensin receptor blockers during the first 2 days (5 days for the 1995 survey) as covariables, and in 3-day survivors to avoid healthy survivor bias.
Analyses were repeated by using forward stepwise analysis to check the consistency of the results. Collinearity was tested by calculation of variance inflation factors. Statistical analyses were performed by using IBM SPSS 23.0 (IBM SPSS Inc). For all analyses, 2-sided P values <0.05 were considered significant.
RESULTS
Study Population
In total, 14 423 patients with AMI were enrolled in the In patients with STEMI, mean age decreased from 66.2±14.0 to 63.5±14.6 years, current smoking increased, as did the prevalence of obesity, hypertension, hypercholesterolemia, and diabetes mellitus, whereas history of cardiovascular disease decreased (Table 1) .
In patients with NSTEMI, mean age, sex, and current smoking did not vary; hypertension, hypercholesterolemia, obesity, and diabetes mellitus increased. In contrast, history of heart failure and peripheral artery disease decreased (Table 2) .
Early Management
In patients with STEMI, median time from symptom onset to hospital admission decreased from 240 (interquartile range, 140-540) minutes to 168 minutes (interquartile range, 100-398); time from onset to first call decreased from 2000 to 2010 and increased between 2010 and 2015, whereas the use of mobile intensive care units increased (Table 1) Figure I in the online-only Data Supplement), and PCI during the initial hospital stay increased, from 12.5% to 67%, as did the use of coronary angiography at any time during the index admission increased, to reach 95% in 2015. Trends similar to those found in patients with STEMI were observed for evidence-based treatments within 48 hours of admission, as for discharge medications ( Table 2, Table I in the online-only Data Supplement).
Outcomes
In-hospital complications decreased, as did 30-day mortality (from 14% to 3% in patients with STEMI and from 11% to 3% in patients with NSTEMI) (Tables II and  III in In patients with NSTEMI, mortality decreased from 17.2% to 6.3%, and adjusted HR decreased to 0. 
Outcomes in Relation to Early Revascularization and Early Medications
In the whole STEMI population, mortality decrease remained significant even when both reperfusion therapy and early medications were entered as covariables (Table IV in (Figure 3) . Finally, we assessed the association between the use of reperfusion therapy (STEMI) or early PCI (NSTEMI) and early use of newer parenteral anticoagulants and recommended medications, with 6-month mortality, not taking into account the survey period (Table V in the online-only Data Supplement). In patients with STE-MI, the use of primary PCI, fibrinolysis, anticoagulants other than unfractionated heparin, and the appropriate use of recommended medications were all strongly associated with lower mortality. Similar associations were found in patients with NSTEMI.
DISCUSSION
The present study documents the major changes in the characteristics and management of both patients with STEMI and NSTEMI over the past 20 years. Together with these changes, 6-month mortality has declined: in patients with STEMI, 6-month mortality has continued to decrease with a further 22% reduction in standardized mortality from 2010 to 2015; in contrast, in patients with NSTEMI, 6-month mortality reached a plateau after 2010 (3% increase in standardized mortality from 2010 to 2015). Furthermore, in patients with STEMI, mortality gain over time persists even after accounting for reperfusion therapy, seeming partly related to improved overall organization of care in the most recent period (improved patient information to reduce onsetto-call times, reduced number of centers taking care of patients with STEMI, direct admission to PCI-capable centers, etc), whereas in patients with NSTEMI, mortality gain seems essentially related to early management with PCI and recommended medications.
To the best of our knowledge, there are no published data reporting on trends in mortality of patients with AMI beyond the early 2010s. Before that, most reports showed increased use of primary PCI and recommended medications, with a concomitant decrease in early mortality, 5, 6, [10] [11] [12] including in specific populations such as the elderly. 18 The only major exception to this general finding is the China's PEACE registry (Patient-centered Evaluative Assessment of Cardiac Events Retrospective Study of Acute Myocardial Infarction): despite increased use of primary PCI from 11% to 28% from 2001 to 2011, only a nonsignificant 18% reduction in mortality was observed over this time period. 19 In terms of patient characteristics, it is noteworthy that the age of patients with STEMI declined, and that peak CK also decreased with time, indicating that infarct size may currently be smaller than 20 years ago, possibly because of better primary prevention or earlier management.
It is impressive that invasive strategies have standardized, both for patients with STEMI and with NSTEMI, to the point that admission for AMI has now become nearly synonymous with the use of coronary angiography. The figures observed in the 2015 survey are higher than those usually reported (eg, 54% in the 2009-2010 period in the MINAP registry [Myocardial Ischaemia National Audit Project]), 11 although very high rates (93%) were already reported in 2007 for patients with STEMI in the Swedish registry, 10 or, for men in Lombardia, 92% in 2010 in comparison with 72% only in women 20 ; likewise, in patients with NSTEMI, PCI was generally less used in other countries, typically 19% in the United Kingdom and 35% in Sweden. 21 The impact of invasive strategies may differ according to type of AMI: in patients with STEMI, mortality gain over time appears mediated both by the increased use of reperfusion therapy and recommended medications, and also by the organization of care aimed at shortening total ischemic time and referring patients to centers with a larger experience in STEMI care in the most recent period, whereas in patients with NSTEMI, early management with PCI and recommended medications appears to explain the near-totality of mortality gain.
One of the remarkable findings of this study is that, although there was very little change in the characteristics of the patients in the 2 most recent surveys (2010 and 2015), both for patients with STEMI and NSTEMI, 6-month mortality continued to decrease in patients with STEMI, whereas it remained stable in patients with NSTEMI.
In patients with STEMI, although the percentage of patients getting reperfusion therapy remained stable between 2010 and 2015, primary PCI was used more often, there was a switch from clopidogrel or prasugrel to ticagrelor; fondaparinux and bivalirudine were used more often, although often concomitantly with unfractionated heparin; finally, appropriate use of recommended medications at the acute stage and at discharge remained stable. Most of the improvement in 6-month outcome was related to improved survival in patients who had not received early reperfusion therapy, possibly related to the lower age of these patients in the most recent surveys (average age 66 years in 2015 versus 71 years in 1995) and to higher use of recommended medications, and subsequent use of PCI during the hospital stay, as well (4% in 1995, 43% in 2000, 45% in 2005, 49% in 2010, and 65% in 2015). Consequently, the mortality gain in the overall STEMI population seems to have resulted from both an increase in primary PCI (which had an intrinsically lower mortality) and from improved survival in the remaining patients not having received reperfusion therapy at the acute stage.
In patients with NSTEMI, in contrast, despite a further increase in the use of invasive strategies and PCI within 3 days of admission, and the replacement of clopidogrel with newer P2Y12 inhibitors, as well, and increased use of newer parenteral anticoagulants, 6-month mortality did not decrease beyond 2010. The reasons for lack of further mortality gain in the most recent survey remain speculative. In particular, following the results of the Trial to Assess Improvement in TRITON (Therapeutic Outcomes by Optimizing Platelet Inhibition With Prasugrel) and PLATO (Platelet Inhibition and Patient Outcomes) trials, and subsequent guidelines, a shift from the use of clopidogrel to the use of prasugrel and, more recently, ticagrelor, was found and an impact on outcomes would have been expected; it must be pointed out, however, that we studied all-cause mortality and not a composite end point similar to the one of the randomized trials, although ticagrelor was associated with reduced all-cause mortality, as well, in PLA-TO. 22, 23 Because of the low mortality rates observed, it may also be needed to have longer periods of follow-up to document further improvement in survival.
Limitations and Strengths
Beyond the usual limitations intrinsic to any observational cohort, and, in particular, the fact that association between patient characteristics and management (eg, type of anticoagulant used) do not imply a causal relationship because some of the variables may be fraught with uncorrected confounding, the FAST-MI program has specific limitations that must be emphasized. None of the registries was population based, and the total number of sites taking care of patients with AMI changed over the study period, as a consequence of deliberate health policy planning to avoid referral of patients with AMI to small nonspecialized centers. Also, the operational definition of NSTEMI changed with the generalized use of troponin measurements and then of high-sensitivity troponins, instead of CK, which was the marker of myocardial injury used in the first 2 surveys. Consequently, a large proportion of patients (those with increased troponins but no elevated CK) in the 3 latter surveys would not have been included in the 1995 and 2000 surveys, because they would have been considered to present with unstable angina; we did, however, use CK values in the multivariable analyses to adjust for these differences in initial patient profiles. The 1:1 ratio of NSTEMI and STEMI in the most recent surveys may appear intriguing; it must be noted that, in contrast with several other registries, we did not include patients with unstable angina (who are usually included among non-ST-segment-elevation acute coronary syndromes); in addition, in the most recent surveys, some patients with NSTEMI type 2 may not have been included, because they may have been hospitalized in regular wards instead of intensive cardiac care units. In addition, because the population was recruited from cardiac intensive care units, 2 types of populations are likely to be underrepresented: first, patients with out-of-hospital cardiac arrest, admitted to general intensive care units instead of intensive cardiac care units, because of severely compromised conditions after resuscitation; second, very elderly individuals with AMI, who may have been admitted to geriatric units or general wards. Finally, for the present analysis, because we wanted to include the most recent survey performed at the end of 2015, only 6-month follow-up was available. Conversely, all surveys can be considered highly representative of the management and outcomes of patients hospitalized for AMI in France, with a high overall participation rate, with all major institutions actually participating in the surveys, and with the totality of the metropolitan French territory covered. The size of each cohort is sufficient to allow statistically reliable comparisons with a good degree of precision, and the snapshot nature of the different registries allows comprehensive data collection and monitoring, without exhausting the investigators. To our knowledge, this approach, on a country scale, and setup as early as 1995 remains unique.
CONCLUSIONS
From 1995 to 2015, 6-month mortality of both patients with STEMI and NSTEMI decreased considerably, together with major increases in the use of recommended medications and procedures over time. In patients with STEMI, mortality has continued to decrease since 2010, to reach an all-time low in 2015. In patients with NSTE-MI, despite recent changes in antithrombotic medications at the acute stage, mortality has remained similar in 2015 in comparison with 2010. Prolonged followup will determine whether improvement in survival will persist or materialize in both types of patients.
